little or no effect on the aca procedure but resulted in a positive bias of approximately 10% with the EGTA procedure.Thus we recommend this trichloroacetic acid procedure for measuring calcium in hemolyzed samples with the aca and, with certain reservations, with the EGTA titrator.
AddItIonal Keyphrases: analytical error
Hemolysis reportedly interferes with certain methods for total calcium. These include the Du Pont aca procedure, which involves direct mixing of total serum with o-cresolphthalein complexone (1) and the method used with the Corning 940 titrator, in which the total calcium in the sample is titrated with [ethylenebis(oxyethylenenitrilo)Itetraacetic acid (EGTA) (2) . Because of these reports we systematically evaluated the effects of hemolysis on total calcium as determined with the Du Pont aca, SMA 12/60, Kodak Ektachem 400, Corning 940 EGTA titrator, and Beckman Astra 8. We describe here a simple trichloroacetic acid precipitation procedure, which eliminates interference by hemoglobinwith the aca and the EGTA titrator methods.
Total calcium measurements
by this modified procedure with the aca for hemolyzed samples closely resemble those by atomic absorption spectrophotometry. However, an approximately 10% positive bias exists when this procedure is used with the EGTA titrator.
Materials and Methods

Samples.
We examined both hemolyzed patients' samples and samples supplemented with hemolyzed blood, the latter prepared as follows. A hemolysate was prepared from pooled heparinized whole blood by repeated freezing and thawing, followed by centrifugation (10 000 x g, 15#{176}C, 15 mm).
Various amounts of the hemolysate were mixed with plasma from the same batch of pooled blood to obtain 10 samples with hemoglobin concentrations ranging from zero to 20 g/L, and total calcium from 2.00 to 2.13 mmolIL.
Hemoglobin determination.
We determined total hemoglobin by either the manual cyanmethemoglobin method, with 
Trichioroacetic acid precipitation.
We mixed 0.5-mL samples with 0.1 mL of 600 g/L (or 125 L of 500 g/L) trichloroacetic acid to produce a final trichloroacetic acid concentration of 100 g/L. The mixtures were centrifuged for 2-5 mm in a Beckman Microfuge, and the supernates were used for determination of calcium. Results were multiplied by 1.2 (or 1.25) to take into account the dilution by trichloroacetic acid. 
Calcium determinations.
Calcium was assayed in the Du
Results
Hemolysate-Supplemented Samples
Hemolyzed Patients' Samples
Interference by hemolysis and its elimination by trichioroacetic acid treatment were similarly assessed for hemolyzed patients' samples. These samples behaved like the hemolysate-supplemented samples with the predicted degree of positive or negative interference by hemoglobin (Figure 3) . Treatment with trichloroacetic acid successfully eliminated this interference. The influence of trichloroacetic acid per se with the aca and the EGTA titration methods was examined by measuring calcium in aqueous calcium solutions and in nonhemolyzed patients' samples before and after treatment with trichloroacetic acid and comparing the results with the total calcium values by atomic absorption spectroscopy of untreated samples. Figure 4 and Table 2 show that the presence of trichioroacetic acid in aqueous samples had essentially no effect on total calcium values with the aca, EGTA titrator, and atomic absorption methods. With nonhemolyzed patients' samples, trichloroacetic acid treatment again had minimal effect on the aca procedure, but resulted in an approximately 10% positive bias with the EGTA titrator method.
Discussion
Because the intracellular calcium concentration in erythrocytes is lower than in extracellular fluid (5), any positive interference with a total calcium procedure from hemolysis or negative interference greater than the expected dilutional effect is probably analytical in nature. The Du Pont aca, Astra 8, and SMA 12/60 all measure calcium by reaction with o-cresolphthalein complexone. The absorbance of the resulting complex is measured at 570 rim, a wavelength at which hemoglobin also absorbs. Hemoglobin does not interfere with the SMA 12/60 because hemoglobin and other proteins are separated from calcium in serum samples by dialysis. The lack of interference by hemoglobin with the Astra 8 is probably related to the use of an initial sample blanking procedure before the dye is added (6). Although we have not examined the influence of hemolysis on other procedures in which o-cresolphthalein complexone is used, they conceivably may all behave similarly to the one used with the aca unless a serum blank is used or hemoglobin is separated from the sample before the dye is added. In the Ektachem 400, bound calcium is dissociated from protein; the calcium then migrates into a dye-mordant layer where it reacts with Arsenazo III to produce a colored complex that absorbs at 680 nm (7) . The lack of interference by hemoglo- bin with this procedure probably is ascribable to the inabilpositive and negative interferences by hemolysis. Obviousity of hemoglobin to penetrate the upper spreading layer of ly, the bichromatic procedure used in the aca inadequately the ifim and (or) the use of a wavelength (680 nm) that is corrects for the interference when hemoglobin exceeds 2 g/L. distinct from that at which hemoglobin absorbs.
An alternative procedure for correcting the hemoglobin With the aca and EGTA methods, we observed definite interference with the aca method has been described (8), but it is more elaborate, involving the use of calcium packs preloaded with EGTA. Besides, this modified procedure cannot be adapted to use with other instruments. On the other hand, hemoglobin interferes with the EGTA method by quenching the fluorescence of the calcium calcein complex, thereby interfering with the end-point determination in the titration (2). Our proposed treatment precipitates the hemoglobin that causes the interference, simultaneously dissociating the bound calcium from serum binding proteins.
Certain patients with multiple myeloma reportedly have paraproteins that can bind calcium so tightly that falselylow total calcium values are measured with the aca method (9) . The proposed trichloroacetic acid treatment could also potentially be useful in dissociating calcium from this kind of calcium-binding paraprotein, thereby eliminating this assay problem as well.
When the effect of trichloroacetic acid treatment of samples per se on the aca and titrator method was examined with nonhemolyzed samples,
we noticed that whereas the acid treatment had little or no effect on the aca procedure, it was associated
with an approximately 10% positive proportional bias with the titrator method. This positive bias is not likely to have been caused by the presence of trichloroacetic acid per Se, because addition of trichloroacetic acid separatelyto the titrator solution did not result in increased calcium values. With atomic absorption spectrophotometry, the majority of samples, hemolyzed or not, gave identical results, regardless of the trichioroacetic acid treatment (data not shown). However, on a few occasions, a slight increase (-5%) in measured total calcium values ensued after tnchloroacetic acid treatment.
The significance and mechanism of these discrepancies are unclear. Moreover, although our findings show that the trichloroacetic acid procedure is far from ideal for use with the EGTA titrator method, it nevertheless provides a viable alternative for measuring calcium in grossly hemolyzed specimens. In situations in which the EGTA titrator is the only instrument available and a nonhemolyzed sample cannot be readily obtained, or when a result within 10% of the true value is clinically acceptable, this modified procedure could still be considered.
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